Measurement of protein-DNA interactions in vivo by chromatin immunoprecipitation.
Elucidating mechanisms controlling nuclear processes requires an understanding of the nucleoprotein structure of genes at endogenous chromosomal loci. Traditional approaches to measuring protein-DNA interactions in vitro have often failed to provide insights into physiological mechanisms. Given that most transcription factors interact with simple DNA sequence motifs, which are abundantly distributed throughout a genome, it is essential to pinpoint the small subset of sites bound by factors in vivo. Signaling mechanisms induce the assembly and modulation of complex patterns of histone acetylation, methylation, phosphorylation, and ubiquitination, which are crucial determinants of chromatin accessibility. These seemingly complex issues can be directly addressed by a powerful methodology termed the chromatin immunoprecipitation (ChIP) assay. ChIP analysis involves covalently trapping endogenous proteins at chromatin sites, thereby yielding snapshots of protein-DNA interactions and histone modifications within living cells. The chromatin is sonicated to generate small fragments, and an immunoprecipitation is conducted with an antibody against the desired factor or histone modification. Crosslinks are reversed, and polymerase chain reaction (PCR) is used to assess whether DNA sequences are recovered immune-specifically. Chromatin-domain scanning coupled with quantitative analysis is a powerful means of dissecting mechanisms by which signaling pathways target genes within a complex genome.